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m INTRODUCTION extracted from both marine and freshwater fish.

Fish oil is known for its high nutritional value However, the utilization of freshwater fish as a fish oil

. source is still limited, even though its nutritional value is
components such as omega-3 and omega-6 fatty acids,

which are essential ingredients of the human diet and play comparable. One example of freshwater fish that could

important roles in maintaining health. Fish oil could be be promoted as a fish oil source is the patin fish
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(Pangasius micronemus), which is widely cultivated and
readily available in several regions in Indonesia.

The oil from patin fish or patin fish oil (PFO) was
reported to contain essential fatty acids such as omega-3
[1]. Omega-3 is a polyunsaturated fatty acid (PUFAs)
with more than one double bond carbon (C=C)
functional group in its backbone [2]. These fatty acids
include arachidonic acid (ARA), a-linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA) [3]. Omega-3 fatty acid can help overcome some
health problems, such as reducing inflammation and
lowering the risk of chronic diseases such as heart disease,
cancer, and arthritis. These fatty acids also regulate blood
pressure, hematic clotting, glucose tolerance, and nervous
system development and functions [4].

In order to obtain the fish oil from the patin fish, an
extraction procedure needs to be done. Some common
lipid extraction methods include Soxhlet and maceration
techniques. However, several drawbacks from these
methods, such as long-time processing that could take up
to 24h and require massive amounts of solvent, are
serious issues for large-scale production. Therefore, some
alternative methods have been proposed to overcome
these problems. Extraction using ultrasound technology
could reduce the extraction time and the solvent
consumption [5].

Ultrasound-assisted extraction (UAE) is extensively
utilized for extracting oils from diverse plant and microbial
sources, owing to its effectiveness in improving mass
transfer, decreasing extraction duration, and reducing
solvent usage [5-10]. Multiple studies have documented
the effective utilization of UAE in lipid extraction from
flaxseed [5], fungi such as Mortierella isabellina [6],
oleaginous seeds [7], and in the enhancement of quality
indices in virgin avocado oil production [10]. Moreover,
the UAE has been acknowledged as an environmentally
friendly and sustainable method, as evidenced by
extensive analyses of its processes and uses in the
extraction of bioactive chemicals and natural products [8-
9]. Despite its established benefits, the use of UAE for fish
oil extraction is still quite limited. No research has been
undertaken to optimize the UAE method for oil
extraction from patin fish. This offers a significant
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opportunity to investigate the possibility of UAE as an
innovative and effective method for extracting oil from
patin fish.

Some reports confirmed that the UAE method
results in higher extraction yield of various lipids at
reduced extraction time and reduced solvent
consumption [5-7]. When ultrasound is applied in the
liquid medium, numerous bubbles will be produced.
These bubbles will grow and oscillate quickly before
collapsing due to pressure changes. These violent
implosions will fragment or disrupt the surface of the
solid matrix, cause the release of lipid in the solvent,
enhancing mass transfer and accelerate the diffusion [8-
9]. Tan et al. [10] reported that the application of UAE
resulted in higher extraction yield and higher levels of
unsaturated fatty acid.

Different processes that occur during cavitation
(i.e., nucleation, bubble growth, and collapse) are affected
by several factors. The initial step, including formation
of the cavitation bubbles is one of the most important
parameters. The increase of ultrasonic frequency could
decrease the formation of bubbles due to insufficient time
for the rarefaction cycle which allows the growth of the
bubble, so that disruption of the liquid can be produced.
The number of nuclei for cavitation depends on
temperature. Other than that, the efficiency of the UAE
is affected by solvent composition, the ratio of sample to
solvent, and ultrasound power. As there are several
factors affecting the extraction process, an optimization
of the aforementioned factors needs to be employed in
order to obtain the highest extraction yield [11-12].

A Box-Behnken design (BBD) is often used to
investigate the interaction effects among several factors
at the same time. This is succeeded by response surface
methodology (RSM) to identify the optimal process
conditions. As a result, this research aimed to establish a
dependable extraction condition for PFO through
BBD

alongside RSM. BBD serves as a highly effective

ultrasound-assisted ~ extraction, employing
statistical instrument that facilitates the organized
exploration of the connections between independent
variables, all while reducing the necessary number of

experimental runs. This design is especially appropriate
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for optimization studies as it circumvents extreme factor
combinations that could result in unsatisfactory or unsafe
experimental conditions [11].

The combination of RSM and BBD facilitates the
creation of a second-order polynomial model capable of
predicting responses throughout the design space. This
study focused on three important variables: extraction
time, temperature, and solvent-to-sample ratio, chosen
for their anticipated impact on oil yield and quality. The
experimental data gathered from the BBD were analyzed
through ANOVA to evaluate the significance of each
factor and their interactions [12]. Subsequently, response
surface plots and contour diagrams were created to
illustrate the optimal conditions. This method guarantees
both the optimization of extraction efficiency and the
establishment of a strong and consistent process for
acquiring high-quality PFO.

m EXPERIMENTAL SECTION
Materials

The chemicals used in the study included n-hexane
with a purity of >97.0% (HPLC grade) from Riedel-de
Haen, Germany; isopropanol (HPLC grade) from
Labkem, Barcelona, Spain; and potassium hydroxide
(KOH) along with methanol (HPLC grade) from Merck,
Darmstadt, Germany.

Instrumentation

Ultrasound irradiation was applied using ultrasonic
probe UP 200S (Hielscher Ultrasound Technology,
Berlin, Germany) coupled with a thermostatic bath
(Frigiterm-10, Selecta, Barcelona, Spain) to control the
temperature, rotary evaporator (IKA-Werke GmbH &
Co. Kg, Stauten, Germany), gas chromatography coupled
with mass spectrometry (GC-MS) model TQ8040
(Shimadzu, Japan), and laboratory glasswares.

Procedure

Sample preparations

The UAE was conducted using an ultrasonic probe
UP 200S, which allows control and modification of the
cycle and amplitude. The system was coupled with a
thermostatic bath to maintain the temperature. Precisely
1g of fish powder was weighed and placed in an
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extraction tube, followed by the addition of 10 mL of a
solvent mixture of n-hexane and isopropanol. The
extraction procedure was performed according to the
optimum conditions identified through RSM-BBD.
After the extraction process, the solid material was
separated by filtration, and the solvent was removed
using a rotary evaporator at 40 °C.

BBD and statistical analysis

RSM was employed to optimize the extraction
method. The experimental variables studied using a
BBD included temperature (X;), solvent composition
(X,), amplitude (X;), solvent to sample ratio (X4), and
cycle (Xs), each at three levels (-1, 0, 1). The range of
these variables is listed in Table 1, and the complete
experimental design, consisting of 46 experiments, is
detailed in Table 2. The percentage yield of PFO was
used as the response variable. The yield of PFO was
calculated in Eq. (1):

Yield (%) =2 x100% (1)
W

where W is the mass of PFO extracted from the sample

(g) and W is the mass of the dried samples (g).

By fitting the data to a polynomial approach, the
experiment design method was utilized to determine the
surface response and assess the impacts of each variable
as well as the interactions between them. After every
variable is assessed, the RSM can be stated as shows in
Eq. (2):
y=f(x1,xz,x3,---,xk) (2)
where y is the experimental design response and x is the
set of factors or variables. It is assumed that the variables
are continuous and controllable during the experiment.
The ultimate goal was to maximize the response y, which
required determining the best estimate for the
correlation between factors and the response surface.
Typically, a second-order model is used in RSM (Eq. (3)).

Table 1. The variables of the design of the experiment

Factors Variables -1 0 +1 Units
Xi Temperature 30.0 45.0 60.0 °C
X, Solvent composition  30.0 60.0 90.0 %
X3 Amplitude 30.0 60.0 900 %
X,  Solvent to sample ratio 10.0 15.0 20.0 mL/g
Xs Cycle 02 05 08 s

Anggita Rosiana Putri et al.



Indones. J. Chem., 2025, 25 (5), 1462 - 1472 1465

Table 2. Box-Behnken design of design of experiment

Run Temperature Solvent Amplitude Sample to solvent Cycle Yield Predicted
(°C) composition (%) (A) ratio (wW/v) (sh (%) (%)

1 1 0 0 0 -1 31.27 32.98
2 0 0 0 -1 -1 32.87 32.85
3 0 0 1 0 -1 30.47 29.79
4 0 0 0 0 0 34.49 34.95
5 0 0 0 0 0 34.34 34.95
6 0 0 -1 -1 0 34.86 34.11
7 0 0 0 0 0 34.72 34.95
8 0 -1 0 0 -1 34.86 33.51
9 0 0 -1 0 1 33.20 34.75
10 0 0 1 1 0 32.58 31.66
11 0 1 0 0 1 27.64 29.15
12 -1 0 0 1 0 31.48 32.08
13 0 1 0 0 -1 31.99 30.97
14 0 0 0 0 0 37.18 34.95
15 -1 0 0 0 -1 32.41 33.00
16 0 1 -1 0 0 33.09 33.58
17 1 0 0 -1 0 28.81 30.85
18 0 0 0 -1 1 32.53 31.76
19 0 0 0 0 0 33.29 34.95
20 0 -1 0 -1 0 33.57 32.14
21 -1 1 0 0 0 31.41 29.28
22 1 1 0 0 0 3191 28.87
23 -1 0 -1 0 0 33.38 32.70
24 0 0 0 0 0 35.69 34.95
25 1 0 0 1 0 34.68 35.58
26 0 -1 0 0 1 34.16 35.34
27 0 -1 -1 0 0 34.21 33.85
28 1 0 1 0 0 29.17 29.03
29 0 1 1 0 0 22.56 24.53
30 -1 0 1 0 0 29.62 29.99
31 -1 -1 0 0 0 31.54 31.96
32 0 0 0 1 -1 35.31 34.26
33 0 1 0 -1 0 29.06 29.01
34 0 0 -1 0 -1 34.31 36.14
35 -1 0 0 0 1 32.63 31.71
36 0 0 1 -1 0 29.26 28.49
37 0 0 1 0 1 32.15 31.19
38 0 -1 1 0 0 31.86 32.99
39 0 0 -1 1 0 36.84 35.95
40 -1 0 0 -1 0 30.06 31.80
41 0 0 0 1 1 37.16 35.36
42 1 -1 0 0 0 35.41 34.92
43 0 1 0 1 0 28.00 30.28
44 1 0 -1 0 0 37.41 36.22
45 0 -1 0 1 0 34.99 35.88
46 1 0 0 0 1 34.07 34.28

v =B, +Zi(:13ixi +Zi(:1BiiXii + Zi:llz;(:lﬁijxixj +¢ (3)  where Xis the variable, B (i = 1,2,...5), By (i = 1,2,...5, ]
= 1,2,...5) are unknown parameters and ¢ is a random
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error. The B is a coefficient obtained by the least squares
regression method. The design of the experiment (DOE)
matrix was obtained using STATGRAPHICS Centurion
18 (Statpoint Technologies, Inc., USA). To determine the
significance of mean differences, ANOVA and least
significant difference (LSD) were used.

Fatty acid analysis

The fatty acid content of PFO was analyzed using
GC-MS. Prior to injection into the GC-MS instrument,
the fatty acids were derivatized into their methyl ester
form following a modified version of the procedure by
Rohman et al. [13]. The derivatization process involved
the use of sodium methoxide. To begin, 100 mg of oil was
accurately weighed into a 10 mL centrifuge tube using an
analytical balance, and 1.2 mL of n-hexane was added.
The mixture was stirred using a vortex mixer for 1 min
until the fat dissolved. Next, a 0.25 mL of 2 M methanolic
potassium hydroxide solution was added, and the mixture
was stirred for 5 min. The solution was then centrifuged
for 5 min at 3000 rpm. Subsequently, 1-2 mL of the upper
layer was transferred to a 2 mL vial, which was sealed with
a silicone Teflon cap and septum for GC-MS analysis.

The fatty acids were analyzed by the GC-MS
using a BPX5
(30 m x 0.25 pm x 0.25 pm). The GC temperature profile
was initially started at 40 °C, held for 5 min at the rate of
3 °C/min to 200 °C, held for 5 min, and finally at the rate
40 °C/min held for 2 min. The carrier gas was helium, and

instrument column

the injection temperature was kept at 150 °C, while the
column oven temperature set at 40 °C.

Standardized Pareto chart to yield
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m RESULTS AND DISCUSSION
Development of the UAE Method

An experimental design was made to evaluate the
variables that influence the extraction yield. The
variables consist of temperature (X;; 30-60 °C), solvent
composition (X 30-90%), amplitude (X3 30-90%),
solvent to sample ratio (X4 10:1-20:1), and cycle (Xs;
0.2-0.8 s™'). The range of variables was chosen based on
several previous studies on fatty acid extraction [14-15].
The response of an experimental design is expressed by
%yield of fatty acid obtained from UAE extraction. The
variables are shown in Table 1.

A BBD with 46 runs that included six center points
were obtained by a mathematical model from
STATGRAPHIC. ANOVA was applied to the set of results
in order to evaluate the effect of the different factors on
their response and the possible interactions between them.
Table 2 shows the results obtained from this analysis.
Pareto chart, as Fig. 1, explained the standardized effect
(p = 0.05) in decreasing order of importance. A bar that
crosses a vertical line shows the factor that has a
significant effect on the response. According to the
Pareto chart, several variables exhibit significant effects,
including amplitude, solvent composition, solvent to
effects of
composition and amplitude, temperature, and the

sample ratio, the quadratic solvent
interaction between solvent composition and amplitude.
Based on the pareto chart in Fig. 1, the temperature

(X1), solvent to sample ratio (X4), and cycle (Xs) give a

T

X3:Amplitude

X2:Solvent Composition
X2X2

X4:Solvent to sample ratio
X3X3

X1X1
X2X3

XaX4
X1:Temperature
X1X3

Xs:Cycle

1

T
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e
N
x
o

2
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Standardized effect
Fig 1. Pareto chart for standardized effect in decreasing order of importance
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positive effect to the extraction yield. The positive effect
means that increasing this factor increases the extraction
yield [11]. An increase in temperature generally leads to a
higher extraction yield within a specific time frame, as the
extraction rate of most compounds tends to rise with
temperature [9]. However, once the optimal extraction
temperature has been reached, any further increase in
temperature may lead to a decrease in the extraction yield.
An increase in temperature can enhance vapor pressure,
which influences the intensity of acoustic cavitation.
bubbles at
temperatures; however, these bubbles collapse with

Ultrasound  generates fewer lower
greater force due to the higher pressure difference across
the bubble interface, resulting from lower vapor pressure.
Consequently, cell tissue disruption becomes more
effective. Conversely, at higher temperatures, the pressure
difference between the interior and exterior of the bubbles
is smaller, leading to weaker bubble collapse and reduced
cell tissue destruction.

Additionally, the decrease in surface tension with
increasing temperature may also contribute to the
reduction in cavitation intensity. At higher temperatures,
the solvent's surface tension decreases, which weakens
bubble collapse and subsequently reduces mass transfer
intensity. This phenomenon directly results from the
relationship between surface tension and pressure
difference across the interface, as described by the Young-
Laplace equation. Another contributing factor could be
the greater degradation of oil at elevated temperatures and
the increased loss of solvent, which may alter the solvent
to sample ratio. This condition could negatively impact
the efficiency of the extraction process [9,16].

Higher extraction yield could be obtained by
increasing the solvent to sample ratio. Mohammadpour et
al. [17], in their research about the extraction of Moringa
peregrina oil using the UAE method, also confirmed that
the solvent to sample ratio has a significant effect on the
extraction yield. Increasing the concentration gradient
enhance the rate of mass transfer from the solid matrix to
the solvent. However, at higher solvent to solid ratios, this
effect diminishes because the primary limitation to mass
transfer occurs within the solid matrix. Additionally,
excess solvent in the system, which corresponds to a low
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solid concentration, may reduce cavitation phenomena
due to fewer nucleation sites, potentially negatively
impacting the oil yield [9].

Regarding the solvent composition, increasing the
solvent composition means the concentration of n-
hexane is higher than isopropanol, causing a reduction
in extraction yield. The physical properties of the solvent
have an impact on the cavitation process. Isopropanol
has a vapor pressure of 43 mbar, a viscosity of 2.27 mPas,
a density of 0.785g/cm’ and a surface tension of
21.7 mN/m at 25 °C while n-hexane has vapor pressure
of 266 mbar, a viscosity of 0.31 mPa, a density of
0.664 g/cm’ and a surface tension of 18.4 mN/m [18].
Vapor pressure and surface tension are the two key
factors that impact the cavitation intensity. The
cavitation intensity decreases as vapor pressure and
surface tension increase. So, when the concentration of
n-hexane is more than isopropanol, there is a possibility
to reduce the cavitation intensity [18].

In terms the amplitude or ultrasonic power, the
rise of the amplitude caused a reduction in the extraction
yield. This trend also showed up in the previous work.
The oil would be degraded due to the thermal reaction
at high ultrasonic power levels. The higher ultrasound
power would make the bubbles in the solvent expand
more rapidly and would reduce the efficiency of the
ultrasound energy, which travels through the medium as
reported by Sun et al. [19]. The application of sonication
cycles showed a positive influence on the extraction
yield. However, this effect was not statistically
significant. When the number of cycles was excessively
high, a decrease in yield was observed, as reported in
previous studies [12,20]. The possible reason is that the
higher cycle may cause the negative chemical and
physical effects of cavitation [20-22]. The negative effect
is often due to the reactions of free radicals formed
during the sonication with molecules in the medium,
which accelerates the degradation process of fish oil [23-
24]. The phenomenon has also been observed in a
previously reported study. The peroxide value of
extracted oil was increased significantly by the UAE
method, which indicated that the primary oxidation of
extracted oils was accelerated under ultrasound owing to
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the effect of cavitation [24].

Nonetheless, all variables were used to predict the
fitting properties of the model. The polynomial equation
(Eq. (4)) for yield were obtained from the coefficients of
the effect and interactions, as listed in Table 3. Therefore,
two second-order mathematical models were obtained to
predict the yield response value as a function of the
independent variables. Then, the result will be compared
with the actual value of the yield, as shown in Fig. 2. Based
on the polynomial model of Eq. (4), certain variables
appear to have a more substantial effect on the yield. The
temperature (X;) and solvent to sample ratio (X4) show
relatively large positive coefficients, indicating that
increases in these variables may lead to an increase in
yield. This finding is consistent with the pareto chart
results presented in Fig. 1 and the discussion in the
previous paragraph. While the negative coefficients of
solvent composition (X,) and amplitude (X5) indicate that

Indones. J. Chem., 2025, 25 (5), 1462 - 1472

increases in these variables may lead to a decrease in
yield under the tested conditions.
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Fig 2. Regression obtained using the actual value of
%yield (X axis) and predicted value of %yield from the
model (Y axis)

Table 3. ANOVA for the quadratic model adjusted to the PFO yield

Sum of Degrees of

Variables Factors Coefficients Mean square F-ratio p-value
squares freedom

Temperature Xy 0.63 6.50 1 6.50 224 0.1471
Solvent composition X, 2.18 76.21 1 76.21 26.23  0.0000
Amplitude X3 2.47 98.15 1 98.15 33.78  0.0000
Solvent to sample ratio X, 1.25 25.07 1 25.07 8.63  0.0070
Cycle Xs 0.00 0.00 1 0.00 0.00 0.9943
Temperature X temperature XiX, —-1.47 18.89 1 18.89 6.50 0.0173
Temperature x solvent composition XX, -0.84 2.83 1 2.83 0.97 0.3331
Temperature x amplitude XiXs 1.12 5.02 1 5.02 1.73  0.2007
Temperature x solvent to sample ratio XiXy 1.11 4.95 1 4.95 1.70  0.2039
Temperature X cycle XiXs 0.64 1.66 1 1.66 0.57  0.4562
Solvent composition x solvent composition XX -2.22 43.03 1 43.03 14.81  0.0007
Solvent composition x amplitude X:Xs 2.04 16.75 1 16.75 5.76  0.0241
Solvent Composition x solvent to sample ratio  X,X, -0.61 1.53 1 1.53 0.53  0.4745
Solvent Composition x cycle X5Xs -0.91 3.31 1 331 1.14  0.2958
Amplitude x amplitude X5X3 -1.49 19.51 1 19.51 6.72  0.0157
Amplitude x solvent to sample ratio X5Xy 0.33 0.45 1 0.45 0.16 0.6964
Amplitude x cycle X5Xs 0.69 1.93 1 1.93 0.66  0.4225
Solvent to sample ratio x solvent to sample ratio  X,X, -0.90 7.12 1 7.12 245  0.1299
Solvent to sample ratio x cycle XXs 0.54 1.19 1 1.19 0.41 0.5277
Cycle x cycle XsXs 0.49 2.10 1 2.10 0.72  0.4036
Total error 72.63 25 291
Total (corr.) 375.06 45
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Yield (%) =34.9522+0.637544 * X, —2.18246X, —2.47672X
+1.25184X,, +0.00309375X 5 —1.47103X; —0.841125X X,
+1.12005X, X, +1.112X, X, +0.64505X, X5 — 2.22047X;
~2.04615X,X; —0.6188X,X,, —0.91X, X5 —1.49533X3
+0.33645X,X, +0.69495X ;X —0.903525X5 +0.545875X , X 5
~0.490158X2

A lack-of-fit test is the variation of the data around

(4)

the fitted model. It was carried out in order to ascertain
whether the selected model was satisfactory to describe
the observed data or whether a more complex model is
required. The test was performed by comparing the
variability of the current model residuals to the variability
between observations at replicate settings for the factors.
A nonsignificant lack of fit (p>0.05) is a desirable
statistical parameter that proves the model fits the
responses [25]. Since the p-value for the lack-of-fit (0.20)
obtained by ANOVA is greater than 0.05, the model
appears to be satisfactory for the observed data at the
95.0% confidence level. The correlation coefficients (R?)
represent the confidence that the regression equations
would predict the observed value better than the mean
[26]. The R? statistic indicates that the model as fitted
explains 80.63% of the variability in the extraction yield.
The standard error of the predicted value shows that the
standard deviation of the residuals is 1.33469. Therefore,
the model can be used to estimate the response for
optimization purposes.

Response Optimization

Significant independent factors are essential to
achieve the best extraction yield when optimizing the
method. On the basis of the predicted model, three-
dimensional surface plots were constructed to predict the
relationships between independent factors and the
response. The DOE results enabled the construction of
the surface response and the variables temperature (X;)
and solvent composition (X;) were evaluated and the
amplitude (X3), solvent to sample ratio (X4), and cycle (Xs)
were in the center point, as shown in Fig. 3. A high point
was found at which the optimum yield (38.40%) was
obtained at coordinates for the temperature (X;) of
0.937814, the solvent composition (X;) of —0.593737,
amplitude (X;) of —0.64787, solvent to sample ratio (X4)
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of 0.99999, and the cycle (Xs) of 1. Based on RSM, the
optimum condition for the extraction of PFO using UAE
was achieved by extraction temperature of 59 °C, a
solvent composition of 42%. an amplitude of 41%, a
solvent to sample ratio of 20:1, and a cycle of 0.8.

Extraction Kinetics

Once the effects of the variables on the extraction
methods and the optimal values were known, the
kinetics of the extractions were further studied. Several
extraction experiments were carried out under optimal
ultrasound conditions while the extraction time varied
between 5, 10, 15, 20, 25, 30, and 35 min. The results of
this particular study are shown in Fig. 4. The result of the
kinetic study showed that the highest extraction yield for

Estimated Response Surface
Amplitude =0.0; Solvent to sample ratio = 0.0; Cycle=0.0

Yield
22.0-23.6
mm 236-25.2
252-26.8
26.8-28.4
wm 28.4-30.0
30.0-31.6
mm 31.6-33.2
mm 33.2-34.8
348-36.4
mm 36.4-38.0

-
-06 -0.2
-0.2
0.2 o6 -0.6
Temperature
Fig 3. Response surface plot showing effect of variables

to the yield

42 -

40 1
38 1

36 1

34 |

32 J

30 4

5 10 15 20 25 30 35
Extraction time (min)

Fig 4. Effect of the extraction time on the PFO yield

Yield (%)
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PFO using UAE was obtained after 25 min of extraction.
After the extraction of 25 min, the PFO extraction yield is
decreased. A similar trend was reported by Biswas et al.
[14]. In some experiments that use UAE as an extraction
method, the extraction yield was significantly time-
dependent and increased with extended ultrasonic times,
especially from 2 to 20 min, but then slowly from 20 to
40 min. While Zhang et al. [16] also reported that the
effect of ultrasound is effective in the first 30 min.
However, longer extraction times led to lower yield,
probably due to degradation of the oil. So, a 25 min was
chosen as the optimum extraction time.

Method Validation

The precision of the method was evaluated for
method validation. The precision was determined by
performing repeatability (intra-day) and intermediate
precision (extra-day) experiments. Repeatability was
assessed by 9 independent analyses of the same samples
on the same day, while intermediate precision was
determined by three independent analyses on three
consecutive days. Both precision indicators are expressed
as a coefficient of variance (CV) with reference to the yield
of PFO. The acceptable CV limit is +10%, according to the
AOAC manual for the Peer-Verified Methods program
[27]. The CV values for precision and repeatability were
2.79 and 1.21%, respectively, confirming that the method
has a high precision.

Fatty Acids Composition

Since the importance of omega-3 and omega-6 fatty
acids as dietary supplements, which have many benefits
for human health, it is necessary to know the fatty acid
content in the PFO. The fatty acid profile of PFO was
analyzed using GC-MS and categorized into saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA). The results (Table 4)
are expressed as a percentage of the total fatty acid content
(mean + SD). Among the saturated fatty acids, stearic acid
(C18:0) was the most abundant, comprising 16.36 + 0.08%,
followed by myristic acid (C14:0) at 9.27 + 0.04%. Small
quantities of saturated fatty acids were found in lauric acid
(C12:0), pentadecanoic acid (C15:0), heptadecanoic acid
(C17:0), and 18-methyl-nonadecanoic acid (C19:0), with
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Table 4. Fatty acid composition of PFO

Fatty acid of PFO Structure %
Saturated fatty acid
Lauric acid C12:0 0.38 £ 0.01
Myristic acid C14:0 9.27 £ 0.04
Pentadecanoic acid C15:0 0.50 £ 0.00
Heptadecanoic acid C17:0 0.52 + 0.00
Stearic acid C18:0 16.36 + 0.08
18-Methyl-nonadecanoic C19:0 0.24 £ 0.00
acid
Monounsaturated fatty acid
Palmitoleic acid Cl6:1 3.49 £ 0.07
cis-10-Heptadecanoicacid ~ Cl17:1 0.23 £ 0.01
Oleic acid Cl18:1 40.73 £ 0.28
Vaccenic acid C18:1n7 2.46 £ 0.05
cis-11-Eicosanoic acid C20:1 1.63 £0.03
Polyunsaturated fatty acid
Linoleic acid C18:2n6 19.06 + 0.04
y-linolenic acid C18:3n6 0.38 £ 0.01
a-linolenic acid C18:3n3 1.36 £ 0.02
8.11-Eicosadienoic acid C20:2 0.60 £ 0.02
cis-11.14-Eicosadienoic acid C20:2 0.21 £0.01

cis-5.8.11-Eicosatrienoic acid C20:3 1.28 £0.03
Arachidonic acid C20:4n-6 0.85 +0.02
Eicosapentaenoic acid C20:5n-3 0.46 + 0.02

concentrations ranging from 0.24 to 0.52%. Oleic acid
(C18:1) made up 40.73 + 0.28% of the MUFA group,
followed by palmitoleic acid (C16:1) at 3.49 + 0.07% and
vaccenic acid (C18:1n7) at 2.46 + 0.05%. There were
smaller amounts of other MUFAs, such as cis-10-
heptadecenoic acid (C17:1) and cis-11-eicosenoic acid
(C20:1), which measured 0.23+0.01% and
1.63 £ 0.03%, respectively.

The PUFA content was mainly represented by
linoleic acid (C18:2n6) at 19.06 £ 0.04%, followed by a-
linolenic acid (C18:3n3) at 1.36 + 0.02%, and cis-5,8,11-
eicosatrienoic acid (C20:3) at 1.28 + 0.03%. The amount
of linoleate acid was higher than that of other fatty acids.
Another researcher also found this trend in other
Pangasius species [1]. Other notable PUFAs included
arachidonic acid (C20:4n-6), eicosapentaenoic acid
(EPA, C20:5n-3), y-linolenic acid (C18:3n6), cis-11,14-
eicosadienoic acid (C20:2), and 8,11-eicosadienoic acid
(C20:2), with contents ranging from 0.21 to 0.85%.
These findings indicate that PFO contains a high
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proportion of unsaturated fatty acids, particularly oleic
and linoleic acids, which are known for their beneficial
effects on human health.

m CONCLUSION

The ultrasound-assisted extraction (UAE) method
developed in this study for extracting patin fish oil (PFO)
was successfully optimized using the Box-Behnken
design (BBD) in combination with response surface
methodology (RSM).
extraction were identified at a temperature of 59 °C,

The optimal conditions for

solvent composition of 42%, amplitude of 41%, a solvent
to sample ratio of 20:1, a cycle duration of 0.8, and an
extraction time of 25 min. Fatty acid analysis indicated
that the PFO extracted via UAE contained omega-3 fatty
acids, including a-linolenic acid (ALA) at 1.36% and
eicosapentaenoic acid (EPA) at 0.46%, along with omega-
6 fatty acids, such as linoleic acid (LA) at 19.06% and
arachidonic acid (AA) at 0.85%. The extraction method
has been validated, demonstrating acceptable precision
and reliability. These results highlight that the UAE
technique developed in this study is a cost-effective, simple,
and efficient approach for extracting high-quality PFO.
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